AbstrAct
IntroDuctIon
The initial inflammatory response after acute myocardial inflammation (AMI) is a prerequisite for healing and scar formation, whereas overwhelming and persisting myocardial inflam mation is responsible for further destruction of vital myocardium promoting left ventri cular (LV) remodelling and consecutively heart failure (1). Correspondingly, it was shown that elevated serum levels of pentraxin3, high sensitivity (hs)CRP, and amyloid a are independent predictors of a worse outcome after AMI (24) . However, therapeutic interventions using corticosteroids or nonste roi dal antiinflammatory drugs to suppress myocardial inflammation failed to be effective to prevent LV remodelling after AMI, and were even associated with a higher incidence of infarct expansion and cardiac rupture (5, 6) .
Beyond acute inflammation, it was described that immune reactions against cardiac contractile proteins such as actin, myosin,or troponin emerge after AMI, lea ding to persisting myocardial inflammation, which promotes LV remodelling and progressi ve heart failure (7, 8) Further ORIGINAL ARTICLE characterization of that immune reaction showed that the pre sence of Th1 cells is associated with a worse clinical outcome (9) . In concor dance with that, it was shown in animal models that suppression of the invasion of immune cells into the infarcted myocardium had a protective effect on LV remodelling after AMI (10, 11) . The se results suggest that autoimmunity may contribute to further myocardial damage after AMI.
Dendritic cells (DC) are potent antigenpresenting cells, required for the induction of each immune response through antigenspecific activation of T cells (12) . In various autoimmune diseases, DC play a crucial role, inducing an immune response against self antigens (13) . In atherosclerosis, it was assumed that DC contribute to progression and destabilization of atherosclerotic plaques (14) . Proving this concept, Han et al. recently demonstrated in a vascular model that DC are the most potent T cell activators in atherosclerosis and are pivotal for the immune reactions in the vessel wall microenvironment (15) .
In two recent studies, it was described that circulating DC precursors are sig ni ficantly, tran siently re duced in acute coronary syndromes (ACS) (16, 17) . It was sug gested that they might be recruited into the atherosclerotic vascular wall (16) . However, the vast differen ce in the levels of circulating myeloid DC precursors between patients with unstable co ro nary artery disease (CAD) and those with ST segment elevationAMI made it very li ke ly that they might be additionally recruited into the infarcted myocardium (16) .
Therefore, the aim of our present study was to investigate whether DC are present in the infarcted myocardium of patients with AMI, and if they are able to trigger there an immune response through antigenspecific activation of T cells.
MetHoDs

Patients and controls
In collaboration with the Department of Forensic Medicine of the University Hospital Erlangen myocardial specimens were collected from 10 individuals with AMI deceased after sudden cardiac death and 7 individuals after fatal accident as controls. Myocardial specimens were collected from the macroscopically evident infarction area and from corresponding areas of the controls. Histological analyses were performed using a hae ma toxy lin/eosin staining ( Figure 1 ). The diagnosis of an AMI was confirmed by macroscopical and microscopical evaluation, as described (18) . Since patients died before admission in the hospital, we were not able to record clinical data. The study was carried out in accordance with the Declaration of Helsinki of the World Medical Association (19) .
Immunohistochemical Analysis
For immunohistochemical staining, the following monoclonal antibodies were used: antiCD209 ( 
resuLts emergence of Dc, t cells and macrophages in infarcted myocardium
In the present study, we investigated if myeloid DC, which were shown to be significantly reduced in the circulation of patients with AMI, might be present in infarcted myocardium of patients deceased after sudden cardiac death. All patients in the AMI group had macroscopically and microscopically evident signs of myocardial infarction ( Figure 1 ).
In infarcted myocardium, we observed significantly higher numbers of DC, detected by their specific expression of CD209 (97 vs. 44 cells / 0.25 mm 2 , p = 0.03, Figure  2B ) or fascin (54 vs. 8 cells / 0.25 mm 2 , p = 0.02, Figure  2C ), compared to healthy control myocardium. Furthermore, significantly more T cells (27 vs. 6 cells / 0.25 mm 2 , p = 0.02, Figure 3A ) and macrophages (44 vs. 6 cells / 0.25 mm 2 , P = 0.01, Figure 3B ) were observed in infarcted than in control myocardium. Associated with the presence of DC, macrophages, and T cells was a strong expression of HLADR (Figure 2 and 3) .
Significant correlation between different types of immune cells and HLA-Dr
The emergence of different types of immune cells and HLADR expression in the infarcted myocardium was compared by correlation analysis. We show a significant correlation between CD209
+ DC and HLADRpositive cells (r = 0.48, p = 0.04, Figure 4A ). Additionally, a significant correlation between DC and T cells (r = 0.58, p = 0.02, Figure 4B ) was observed. These results suggest that DC significantly contribute to HLADR expression and might be colocalized to T cells, so that all preconditions are fulfilled which are necessary for the induction of a DCmediated immune response. Furthermore, a significant correlation between DC and macrophages (r = 0.83, p < 0.001, Figure 4C ) was detected, which is not surprising, since both myeloid DC and ma cro phages are monocytederived cells with a similar migratory pattern in response to inflam matory stimuli. Similar to DC, macrophages significantly correlated with T cells (r = 0.78, p < 0.001, Figure 4D ), suggesting that they might contribute to T cell activation too.
colocalization of Dc with t cells
Beyond correlation analysis, the colocalization of DC with T cells was investigated in a more direct manner using ) in infarcted myocardium, which exceeded by far the number of cell contacts ex pected by random distribution ( Figure 5B) . Hence, these results appear most consistent with the interpretation that DC may be directly activating T cells in infarcted myocardium.
emergence of different immune cells and HLA-Dr in occluded coronary arteries
Frequently, coronary arteries with thrombotical occlusions were observed in the myo car dial specimens of patients with AMI. Compared to healthy vessels of controls, in throm bo tically occluded coronaries a dense infiltration of all vascular layers with CD209 + DC, fascin + DC, T cells, macrophages, and a high HLADR expression was observed (Figure 6 ), indicating a high coronary vascular inflammation. However, we were unable to determi ne whether coronary inflammation precedes, accompanies, or follows AMI.
DIscussIon
Beyond acute inflammation upon AMI, a persisting autoimmune response against car diac pro teins emerges, which is responsible for further myocardial damage leading to pro gressi ve heart failure (20) . Hence, it was shown that adoptive transfer of splenocytes of postAMI rats into syngeneic rats was associated with organ specific autoimmune myocardi tis (21) . Fur thermore, in blood of humans after AMI the presence of autoantibodies and cel lular au to immunity against cardiac proteins was detected (7, 8) . In this context, it was sho wn that in patients with AMI a Th1 response, present as high ratio of interferonγpro du cing blood T cells, persists over months. This enduring, overwhelming autoimmune respon se gets clinically apparent in some cases several weeks after AMI as Dressler's syndrome (22) .
DC play a pivotal role through initiating and modulating antigenspecific activa tion of T cells. It was shown that DC can be attracted into infarcted tissues such as brain, kid ney and liver, and are able to induce an autoimmune response there (2325). However, the role of DC in human AMI was unknown yet. Recently, we described that circula ting myeloid DC precursors are significantly reduced in patients with AMI, indicating that they might be recruited into the infarcted myocardium (16) . Thus, the aim of the present study was to investigate if myeloid DC might be present in human myocardium after AMI.
We show for the first time that DC infiltrate hu man infarcted myocardium of patients deceased after AMI. Con- sidering the fact that circu lating myeloid DC precursors are significantly, transiently reduced in patients with AMI (16), it is most likely that upon AMI circulating DC precursors are recruited into the in farcted myocardium. Corresponding to this hypothesis, two third of the DC found in infarcted myocardium expressed an immature phenotype (CD 209 expression) compared to one third mature DC (fascin expression). This result is explained by the fact that the analysis was performed at a very early stage of AMI, since patients died very soon after onset of symptoms from sudden cardiac death, so that a maturation of DC, which endures several days, was not possible in this case. However, technical reasons, e.g. different staining procedures, can not been completely excluded.
Furthermore, numerous T cells and macrophages were detected in the infarcted myocardium, and they significantly correlated with the number of DC. This fact is very important because single DC are not able to mediate effects of the im mune system, but the presence of further immune cells is required like an orchestra, so that DC can initiate an immune response. In the area of infarction a strong expression of HLADR, which significantly correlated with the presence of DC, was observed. Furthermo re, direct cell contacts of DC and T cells were detected, so that it is very likely that DC induce an immune response to cardiac antigens leading to myocardial inflammation after AMI.
These results are consistent with former animal studies analyzing the recruitment of DC into the infarcted myocardium. Zhang et al. firstly described the presence of DC, associated with MHC II expression and T cell contacts, in the heart of rats with experimental AMI (26) . More recently, Naito et al. demonstrated that GMCSF and G CSF inversely affected LV remodelling after experimental AMI, and they concluded that mo dulation of the immune response by myocardiuminfiltrating DC is crucial for the development of progressive heart failure (27) . Additionally, Takahashi et al. showed that locally injected high mobility group box (HMGB)1 significantly reduced the myocardial infiltration of DC after AMI, and, thus, improved global cardiac function (28) .
Beyond myocardial inflammation, we showed significant inflam ma tion of occlu ded coronary arteries. However, coronary vascular inflammation might be the reason or the result of AMI, which can not be determined in the present study. Recently, it was shown that platelets induce vascular recruitment and maturation of DC (29) . Hence, interaction of platelets with DC might be the link between thrombosis and coronary inflammation.
concLusIons
The results of our study show that infarcted myocardium is significantly infiltrated with DC, macrophages, and T cells. The high expression of HLADR and frequent contacts with T cells indicate that DC initiate an immune response against cardiac an tigens in the infarcted myocardium leading to progressive heart failure. Thus, modulation of DC function might be a novel therapeutic approach to prevent LV remodelling after AMI.
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